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RfcKHOOUCE 

Report No. 710/46 
Watertown Arsenal 

PENSE 
w< •   _: 

January 21,   1936 

jWULAoblFlcD 
Armor Plate ComposltionG 

Progress Report I 

Purpose 

The purpose of this Investigation was to select 

promising experimental armor plate compositions primarily 

for future ballistic study. 

Conclusions 

1.  The following compositions have been selected 

for ballistic study on the basis of distinctive physical 

characteristics, that is, high yield strength/O.OO^ set, 

tensile strength and impact resistance in combination 

with good ductility. 

Insot No. 

2 Standard 

2X 

3 

7X 

9X 

24 

25 

34 

A. Chemical Analysis 
c i Mn 1 

.92 

Si 
1 

.39 

Nl 
.    | 

Or 
i 

1.19 

Mo 
I 

.67 

Va i 
.47 .22 

.38 .80 .35 - 1.21 .65 .21 

.36 .69 .29 - 1.77 .52 .24 

.41 .67 .20 2.38 1.20 .60 .20 

.44 .60 .14 1.26 - .68 .20 

.40 .85 2.20 3.20 - - - 

.42 .67 .28 - - 1.04 .10 

.40 .44 .15 3.88 - .60 - 
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■■*               ' ' t 

-^ Ü 
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RPPROOÜCED AT GOVERNMENT EXPENSE 

2. Chemical analyses were made on samples taken 

from physical test bars and compared with ingot analyeee, 

Gegregation of 0.28^ Nickel was found in Ingot No. 6; 

0.18^ Nickel, 0.16-2 Chromium in Ingot No. 8; 0.16^ Molyb- 

denum in Ingot No. 26; and 0.20^ Molybdenum in Ingot No.27, 

The balance of check analyses were in close agreement with 

the ingot analyses - Table 4. 

3. Drinell hardness determinations made on the 

tensile test and charpy tensile impact bars showed a hard- 

necij range of 364 - 460.  In the original program, it was 

intended to work within a hardness range of 418 - 430 

Brinell. 

In some cases, the Brinell hardness of the tensile 

test and charpy tensile impact bars varied between 23 to 42 

points. 

4. When making a study of the effect of one or more 

additional elements on the physical properties of the 

basic composition, consideration of the following factors 

is necessary. 

(a) Tensile tests based on one tensile test bar. 

(b) The presence of non-metalllcs and internal 

cracks in the fractures of some tensile teot 

bars. 

(c) Variable drawing temperatures in the same 

series. 

(d) Variation in hardness of tensile test and 

charpy tension impact test bars. 

- 3 - 



RFPROOUCPO AT GOVERNMENT EXPENSE 

ö.     There wac cloae agreement between static and 

dynamic percentage elongation and also,between the static 

and dynamic reduction of area values.  Figures 1, 2. 

6. A survey of the plot of physical properties of 

the series of steels indicates, in most cases, a close 

relationship between Yield Strengtn/0.00^ bet, Tensile 

Strength, Impact Values and Brinell Hardness.  3ome 

irregularities were evident in the percentage elongation 

and reduction curves. 

?.  Sand added to heat #30, and manganese sulphide 

inclusions resulting from the screw stock base in heat #31, 

did not promote increased ballistic resistance in samples 

of plate rolled therefrom. 

No sand inclusions were found in the microatruetare 

of heat #31. 

8.  The standard composition, with ,58%  Carbon, has 

the best combination of strength, ductility and toughness. 

Introduction 

A program was initiated by Capt. D« J. Martin, In 1934, 

covering development work on armor plate compositions. A 

study was made on the casting of small Ingots of about 

60 pounds, their forging, heat treatment and testing for 

tensile and Impact properties, and hardness. It Is pro- 

posed that a few promising compositions will be rolled and 

treated to determine the ballistic properties. 

- 4 - 
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k. 

REPRODUCED AT GOVERNMENT EXPENSE 

Procedure 

Casting 

Sixty pound induction fui'uace heats of the fol- 

lowing chemical cpenificationc given in Table T, were 

cact in the form of 4" x 4" Ingots. 

In view of the fact that the chemical analyses of 

Ingots Nos. 2, 4, 5, 6, 7, 9, 10, 13, 17, 18, 28, and 29 

failed to meet the specifications in Table I, new heats 

were made which were designated 2X, 4X, 5X, 6X, 7X, 9X, 

10X, 13X, 17X, 18X, 28X, and 29X. 

A Dand was intentionally added to Heat #50 in order to 

determine the effect of sand inclusions on ballistic 

properties. 

Screw stock was used as a base in Heat #31 in order 

to determine the effect of manganese sulphide inclusions 

on ballistic properties. 

Forcing Ingots 

A lot of ingots consisting of twelve or thirteen 

ingots were placed In a furnace and heated to forging heat, 

1150 - 11850C, in about three hours and held within this 

range for nearly 3 1/2 hours and forged to bars, 2 3/8 

inches in diameter or to a 3:1 reduction. All forged bars 

were buried in cinders from forging temperature. Four 

lots of ingots were likewise heated and forged separately. 

In all cases, as shown in Table II, difficulty was 

experienced in maintaining a uniform ingot temperature 

in the heating furnace. 

- 5 - 
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REPRODUCED AT GOVERNMENT EXPENSE 

Heat Treatment 

(1) Proper Hardealnta; Temperature    -    In order to 

determine the proper quencning temperature,   a series of 

one-half rounds  (original forging 2 3/8"  dla.)  of each 

composition was quenched from 750,   780,  810,   840,  870, 

9000C. 

(2) Test Bars - Slugs 7/8 Inch diameter and 3 1/8 

inches long were heat treated according to the procedure 

outlined in Table III.    The slugs were machined as follows: 

(a) One  .375 Inch Tensile bar per heat. 

(b) Two True Stress bars per heat. 

Chemical Analyses 

(a) Inp;ot    -    Samples were taken from the macro- 

section near the top of the ingot. 

(b) Test Bars    -    Samples were taken from the True 

Stress bars after test. 

Physical Tests 

a. Yield Strength/0.00^ set 

b. Tensile  Strength 

c. True breaking Stress 

d. Charpy Tension Impact 

e. Brinell Hardness on test bars,  - 

Tensile and Charpy bars 

Results 

Data on Forging the ingots is given in Table II. 

- 9 
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Heat Treatment 

The proper hardening temperatures of the series of 

alloy steels as determined In Figures 3 to 12 inclusive, 

are given in Table 3. 

In some cases it was necessary to requench and redraw 

in order to obtain the desired hardness. 

The slugs were heat treated first and later machined 

into tensile test and charpy impact bars. 

Chemical Analysis 

Chemical analyses of the ingots and check analyses 

made on the test bars are shown in Table 4. 

Physical Properties 

Physical properties of the series of steels are given 

in Table 4 and plotted in order of increasing the percent- 

age of one or more elements in Figures 1 and 2. 

A classification of the compositions having the best 

combination of strength, ductility and toughness is given 

in Table 5. 

An analysis of the classification of armor plate 

compositions with best combination of strength, ductility 

and toughness is given in Table 6. 

Priority ratings are given in Table 6; the selected 

compositions for ballistic study based upon the position 

of the composition in Table 5. 

- 14 - 
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Palllstlc Tests on Rolled Plate from Ingots 30. 51 

1. Inyot 30 - 2.32,^ Ml, 1.00^ Mo - Gand was In- 

tentionally added to this melt in order to determine the 

ballistic properties of steel containing sand inclusions. 

No sand inclusions were found in the rolled plate. Cracks 

were evident on the back of the 3/8" thick plate when 

tested with the Cal. .30,2100 f/s. A.P. ammunition at a 

distance of 100 yards. 

2. Ingot 31 - 2.28^^1, .99%  Mo - Screw Stock base. 

The object of this test was to determine the ballistic 

properties of high sulphur alloy steel. The 3/8" thick 

plate was not penetrated when tested with Cal. .30, 

1700 f/s A.P. ammunition at a distance of 100 yards. 

Discussion 

When interpreting the graphical presentation of data 

on physical properties, as shown in Figures 1 and 2, 

several factors should be considered such as, segregation 

in the steel as revealed by fracture study, and the heat 

treatment of the test bars. It was originally intended 

to draw the test samples to a Brinell hardness, 418-430. 

Actually, a range of 364-460 Brinell hardness was deter- 

mined on the test bars from which the physical data in 

Table 4 was calculated. 

In£0t_2, Standard Composition ,47^ C, .92%  Mn, 1.19^ Cr, 

.67^ Mo, .22^ Va. 

- 15 - 
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It is possible that greater ductility and resistance 

to impact would have been obtained with a drawing tempera- 

ture higher than 9000F. Also, perhaps the high manganese 

content may have been responsible for the low ductility. 

Inr;ot 2X. Same as Standard Except .58%  C, .80^ Mn, 1.21^ Cr, 

.65%  Mo, .21%  Va. 

Lowering, the carbon and manganese apparently Increases 

the ductility and slightly lowers the tensile strength 

ana proportional limit, with the same drawing temperature 

900oF. Internal cracks were evident in the fractured 

tensile bar. , 

Ingots 5. 4X. Same as 2X. except Increase ir^ Chromium. 

3 
4X 

1.77^ Cr 
2.B2%  Cr 

Increase in chromium raises the tensile strength, 

Brinell hardness. Impact properties slightly, lowers the 

yield strength/O.OO^ set percentage elongation and reduc- 

tion of area. Test bars from Ingot 3 were drawn at 8500F, 

while those from ingot 4X were drawn at 900oF. Internal 

cracks were evident in the fractured tensile test bars 

from ingot 3. Ingot 3 is a promising composition. 

Ingots 6X. 7X. 8. Same as 2X. except increase in Nickel 

6X 
7X 
8 

1.22% Ni 
2.38^ Wi 
4.60^ Ni 

- 18 - 
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11 

With an addition of 1,22% Nickel, a decrease In 

the physical properties Is noted. With an Increase In 

Nickel up to 4,6%  there Is a noticeable Increase In 

tensile strength, Brinell hardness, and percentage elonga- 

tion.  Increasing Nickel from 2.38 to 4.60^ lower« the 

Yield Strength/O.00^ set and reduction of Area. Internal 

cracks were found In test bars, Ingot 7 and,nonmetalllcs 

were present m test bars, Ingot 8. This fact may account 

for the irregularities in physical properties of this high 

nickel steel.  Ingot 7 is a proraieing composition. 

Ingots 9X. IPX.11. Same as 6. 7X. 8 except no Chromium 

9X No Cr, 1.26,^ Ni, .68$ Mo, ,20% Va 
10X ■ ■ 2.36^ Ni, .61^ Mo, .21^ Va 
11   "  "  4.55^ Ni, .60^ Mo, .23^ Va 

With the addition of Nickel alone, no marked improve- 

ment in the physical properties is apparent,   save ductility 

which approaches that of the standard composition 2X with 

low carbon. 

Ingot 9 is a promising composition. 

Infiots 1$,  13^.  14.  1^.  Same as 2X. No Chromium with g,75< 

Nickel and .27^ Mo.   .49^ Mo.  .65% Mo.   .88^ Mo. 

These nickel-molybdenum steels, according to the 

prescribed heat treatment, do not have exceptional physical 

properties. 

- 19 - 
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Infiot? 17X. ^9, Same as 13X. 15. plus 1.20%  Chromium 

Chromium Increases the tensile strength and impact 

properties as compared to the physical properties of 

Ingots 12, 13X, 14, and 15. Nonmetallios were present 

in the fracture of test bars from Ingot #19, 

lMot_24, Nickel Silicon. 3.2^ liokel. 2.C< Silicon 

This is a promising composition. 

Ingots g^. gS. g7t g^. .45%  Carbon. 0.10* Vanadium 

with 1.0^ Mo. 2.0%  Mo. Si Mo. 4< Mo 

With the exception of Ingot 25, the physical proper- 

ties of samples from Ingots 26, 27 and 26, are not excep- 

tional when compared with those of Ingots 12, 13X, 14 and 

15, containing 3.75^ Nickel and Increasing Molybdenum 

.27, .49, .65 and .88^ Mo. 

Three per cent Molybdenum, Ingot 27, has low yield 

strength/0.00^ set and tensile strength, although the 

ductility is relatively good. Four per cent Molybdenum, 

Ingot 28X, increases the strength but decreases the duc- 

tility when compared with the three per cent Molybdenum 

steel. Nonmetallios were present in the fracture of test 

bars from Ingot 28X. 

Ingot 25, - 1% Molybdenum, .10^ Vanadium is a 

promising composition. 

- 20 - 
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Ingot 33.  54.  Navv Ingot 33.  2.4^ Mn.   .6% Mot ,    . 

Ingot 34. 4% Nl.   .6% Mo 

The Nickel-Molybdenum Steel, No.  34 has excellent 

physical properties and approaches those of the standard 

composition.    The physical properties of Ingot No.  33 are 

relatively good.    Nonmetallics were present in fractured 

samples of Ingot No.  33. 

In^ot 35.  56.   (Sloan):    Ingot 35 -  .56< C.   2^ Ni.   2% Cr: 

Ingot 56 -  .615^ C.   2% Ni.   2,6% Cr 

The physical properties of these steels are not ex- 

ceptional.    Nonmetallics were present in fractured samples 

of Ingot 55. 

In^ot 57.  Midvale.   4^ Ni.   2% Cr 

The physical properties of this composition when 

heat treated according to the present practice, are in- 

ferior to those of the atandard composition. 

Ingot 58.   (Sloan)..20% C.  4^ Ni.   2% Cr 

This composition has low strength but good ductility 

as compared with the physical properties of the standard 
■ 

composition. 
■ 

Ingots 59, 4Q, Same as Ingots 25. 26 plus .16 - .52% W 

Ingot 59 - .45^ C, 1.0f> Mo, .10^ Va, .16^ W 

Ingot 40 - .45^ C, 2.0^ Mo, ,!(# Va, .52^ W 

Tungsten in the amounts noted above In combination 

I 
• 

■ 

i li 

I 

with moderately high molybdenum and 0.10^ Vanadlu« ap- J | f;, ̂  
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parently does not increase the strength. On the other 

hand, the ductility is good. 

Ballistic Tests on Rolled Plate from Ingots 30. 31 

1. In^ot 50. Ni 2.32%.  Mo 1.00^. Sand added. 

No sand was present In the rolled plate, therefore, 

no definite results were obtained. 

2. In^ot 51. Ni 2.28%.  llo .99%.   Screwatock base. 

A 3/8" thick plate with high sulphur cracked slightly 

at area of impact when tested with Cal. .30 1700 f/e 

velocity A.P. ammunition. 

Chemical Composition 

Check analyses indicated that some segregation of 

nickel and jnolybdenura was present in the ingots containing 

hign percentages of these elements, - to illustrate. 

Ingots 6, 8, 26, and 27. 

The standard composition. Ingot No. 2X with ,38^ 

carbon, has the best combination of strength, ductility 

and toughness. '■iA. 

Recommendations 

It is recommended that continuation on the development 

of experimental armor plate compositions be conducted 

as follows: 

1. Study of the Macrostructures of the Ingots as cast, 

2. Study of the Microstructures of the test bars, sub- 

jected to tensile test. 

- 22 



3. Completion of the Physical tests on In^ots 5X, 16, 

18X, 20, 21, 22, 23, 2^X, and 32. 

4. Determine Impact values with 0.1 inch notch bar under 

normal and high speed. 

5. Study of the Physical properties of some of ohe well 

known compositions, such as Nickel-Molybdenum, hardened 

and drawn to Brinell hardness of 430. 

6. Casting of 500 lb. Induction heats of compositions, 2, 

2X, 3, 7X, 9X, 24, 25, 34. These ingots to be rolled 

into plate at the plant of Henry Disston & Sons, Inc. 

7. Ballistic tests to be made at Watertown Arsenal and 

Aberdeen Proving G-round on heat treated plate. 

8. Correlation between ballistic and physical properties 

to be. made. 

Respectfully submitted, 
o /' o  y 

E. L. Reed, 
Research Metallurgist 

References; Report No. 322/3, dated May 8, 1935. 
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